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ABSTRACT

A pre-intervention quantitative risk factor analysis was performed at various shops and locations
within Puget Sound Naval Shipyard, a public shipyard that provides ship repair and ship
dismantling services for the U.S. Navy. This preliminary analysisis a method to identify and
quantify risk factors that workers may be exposed to in the course of their normal work duties.
This survey was conducted as part of alarger project, funded through Maritech Advanced
Shipbuilding Enterprise and the U.S. Navy, to develop projects to enhance the commercial
viability of domestic shipyards. Five specific job tasks were identified for ergonomic analysis.
These tasks include: the drydock sorting pad operation, the removal of insulation from vessels,
the manual materials handling task in the “cut and carry” process, the use of reciprocating saws
to separate components and hulls, and the removal of terrazzo tile with a chipping hammer. The
application of exposure assessment techniques provided a quantitative analysis of the risk factors
associated with the individual tasks. Possible engineering interventions to address these risk
factors for each task are briefly discussed.



l. INTRODUCTION
IA. BACKGROUND FOR CONTROL TECHNOLOGY STUDIES

The Nationa Institute for Occupational Safety and Health (NIOSH) is the primary Federd
agency in occupational safety and health research. Located in the Department of Health and
Human Services, it was established by the Occupational Safety and Health Act of 1970. This
legidlation mandated NIOSH to conduct a number of research and education programs separate
from the standard setting and enforcement functions carried out by the Occupational Safety and
Health Administration (OSHA) in the Department of Labor. Animportant area of NIOSH
research deals with methods for controlling occupational exposures to potential chemical and
physical hazards. The Engineering Control Technology Branch (ECTB) of the Division of
Physical Sciences and Engineering has been given the lead within NIOSH to study the
engineering aspects of health hazard prevention and control.

Since 1976, ECTB has conducted a number of assessments of health hazard control technology
on the basis of industry, common industrial process, or specific control techniques. Examples of
the completed studies include the foundry industry; various chemical manufacturing or
processing operations; spray painting; and the recirculation of exhaust air. The objective of each
of these studies has been to document and eval uate effective control techniques for potential
health hazards in the industry or process of interest, and to create a more general awareness of the
need for or availability of an effective system of hazard control measures.

These studies involve a number of steps or phases. Initially, a series of walk-through surveysis
conducted to select plants or processes with effective and potentially transferable control
concepts or techniques. Next, in-depth surveys are conducted to determine both the control
parameters and the effectiveness of these controls. The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on effective hazard
control measures. Ultimately, the information from these research activities builds the data base
of publicly available information on hazard control techniques for use by health professionals
who are responsible for preventing occupational illness and injury.

IB. BACKGROUND FOR THIS STUDY

The domestic ship building, ship repair, and ship recycling industries have historically had much
higher injury/iliness incidence rates than those of general industry, manufacturing, or
construction. For 1997, the last year available, the Bureau of Labor Statistics reported that
shipbuilding and repair (SIC 731) had arecordable injury/iliness incidence rate of 21.4 per 100
full-time employees (FTE). By contrast, the manufacturing sector reported a rate of 10.3 per 100
FTE, construction reported arate of 9.5 per 100 FTE, and all industries reported arate of 7.1
injuried/illnesses per 100 FTE. When considering only lost workday cases, shipbuilding and
repair had an incidence rate of 10.7 per 100 FTE, compared to manufacturing at 4.8, construction
at 4.4, and al industries at 3.3 lost workday injuries/ilinesses per 100 FTE.
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Figure 2. Injury/lliness Lost Workday Cases Incidence Rate, 1990-1998



When comparing shipbuilding to the manufacturing sector for injuries to specific parts of the
body, shipbuilding is higher in at least three instances. For upper extremity injuries and illnesses,
for the year 1996, shipbuilding reported 110.1 cases per 10,000 FTE while manufacturing
reported 76.8 cases. For back injuries for the same year, shipbuilding reported 138 cases per
10,000 FTE while manufacturing reported 56.8 cases. For the lower extremity, shipbuilding
reported 136.6 cases per 10,000 FTE to manufacturing’ s 44.7 cases.

For the entire Puget Sound Naval Shipyard, for the five-year period 1994 to 1998, there were
10,259 injuries and ilInesses recorded onto the OSHA 200 Logs for an average annual incidence
rate of 22.8 per 100 FTE. In 1997, the PSNS incidence rate was 23.9 compared to arate of 21.4
for the shipbuilding industry, 12 % higher than the industry average. In 1998, the PSNS
incidence rate was 20.1 compared to a shipbuilding industry rate of 22.4, 10 % below the
industry average. Similar declines for the incidence rates for days away from work cases and
restricted or light duty cases also occurred recently at the shipyard.

When considering only the production workers at PSNS, for the period 1994-1998, there were
8,029 injuries and illnesses recorded for an annual incidence rate of 41.5 per 100 FTE. From
1994 to 1998 there was a decline in both the total incidence rate (22 %) and in the days away
from work incidence rate (32 %). When focusing solely on musculoskeletal disorders (MSD)
among production workers, MSD represented 54 % of the total number of cases and 67 % of the
days away from work cases. Occupations with the highest incidence rates and numbers of MSD
include pipefitter, welder, marine mechanic, shipfitter and electrician.

Beginning in 1995 the National Shipbuilding Research Program began funding a project looking
at the implementation of ergonomic interventions at a domestic shipyard as away to reduce
Workers' Compensation costs and to improve productivity for targeted processes. That project
came to the attention of the Maritime Advisory Committee for Occupational Safety and Health
(MACQOSH), a standing advisory committee to the Occupational Safety and Health
Administration (OSHA). The National Institute for Occupational Safety and Health (NIOSH)
began an internally funded project in 1997 looking at ergonomic interventions in new ship
construction facilities. In 1998, the U.S. Navy decided to fund a number of research projects
looking to improve the commercial viability of domestic shipyards, including projects developing
ergonomic interventions for various shipyard tasks or processes. Project personnel within
NIOSH successfully competed in the project selection process. The Institute currently receives
external project funding from the U.S. Navy through an organization called Maritech Advanced
Shipbuilding Enterprise, a consortium of major domestic shipyards.

Shipyards participating in this project will receive an analysis of their injury/illness data, will
have at |east one ergonomic intervention implemented at their facility, and will have accessto a
website documenting ergonomic solutions found throughout the domestic maritime industries.
The implementation of ergonomic interventions in other industries has resulted in decreasesin
Workers Compensation costs, and increases in productivity.



Researchers will identify seven participating shipyards and analyze individua shipyard
recordable injury/iliness databases by the end of November 1999. Ergonomic interventions will
be implemented in each of the shipyards by the end of June 2000. Intervention follow-up
analysis will be completed by the end of December 2000. A series of meetings and a workshop
to document the ergonomic intervention program will be held by the end of March 2001.

IC. BACKGROUND FOR THIS SURVEY

The Puget Sound Naval Shipyard (PSNS) was selected for a number of reasons. It was decided
that the project should look at avariety of yards based on product, processes and location. Puget
Sound Naval Shipyard isapublic shipyard (i.e., run by the U.S. Navy) in the Pacific Northwest,
that performs both ship repair and ship recycling on large military vessels. The shipyard has both
a developing ergonomics program and a process improvement program that has addressed
ergonomic concerns within the yard. Cooperation by yard personnel to date has been exemplary.

In aletter dated February 24™, 1999, PSNS provided alist of problem areas where it was felt
NIOSH research efforts should be concentrated. These areas were: 1) hand, arm, and shoulder
injuries from using powered hand tools during the “cut and carry” process of ship recycling, 2)
back, shoulder, and neck injuries from installing shore electrical power to ships, and the
subsequent cable removal and storage, 3) back injuries from installing and removing floor tiles
on ships, 4) back, shoulder, and hand injuries from using cutting torches during ship recycling,
and 5) back and shoulder injuries from installing and removing staging.

Il PLANT AND PROCESS DESCRIPTION
lIA.  INTRODUCTION

Plant Description: Puget Sound Naval Shipyard islocated adjacent to the city of Bremerton,
Washington, one hour west of Seattle by ferry, and approximately 30 miles north of Tacoma.
The shipyard proper encompasses 344 acres of land, with additional non-adjoining property
totalling 1,558 acres. The shipyard facilities include approximately 400 separate buildings, nine
permanent piersincluding 12,310 feet of deep water space, and six drydocks. Thisshipyard is
the Pacific Northwest’ s largest Naval Shore Activity, and one of the largest industrial
installations in the State of Washington.

Corporate Ties: U.S. Navy Sea Systems Command

Products: Puget Sound Naval Shipyard performs overhauls and repairs of all sizes and types of
U.S. Navy ships aswell as being home port for six active ships. Approximately 41 % of the
workload of the shipyard involves the inactivation, reactor compartment disposal, and recycling
(IRR) of nuclear-powered submarines and surface vessels. Approximately 12 surface vessels and
88 submarines have been recycled in the past 12 years.



Age of Plant: Puget Sound Naval Shipyard was established in 1891 asaU.S. Naval Station. A
number of small buildings from that era still survive on site.

Number of Employees, etc: Approximately 8,200 civilian employees, of which 3,500 are
production workers. Average age of production workersis approximately 42 years of age.

IIB. PROCESS DESCRIPTION
lIB1. Inactivation, Reactor Compartment Disposal, and Recycling (IRR)

The primary portion of the work being performed at PSNSisin the IRR activity. Thisarea
includes the decommissioning of the vessel, the inactivation and removal of pertinent and viable
systems, the isolation of the nuclear reactor compartment and the dismantling or recycling of the
contents and structure of the vessel. Primary means of dismantling the vessel include either torch
cutting or cutting with an electrically-powered reciprocating saw. The dismantling process
ranges from 8-10 months for each submarine.

When PSNS was visited in October 1999, IRR activity was taking place in 2 drydocks. One
drydock contained the hull of a nuclear-powered cruiser and another drydock contained four
nuclear-powered submarines. Vessels are brought to PSNS under their own power and are
moored at the docks. While at the docks, initial IRR work is done, dismantling non-essential
systems and storing components and scrap for future removal. When drydock space becomes
available, the drydocks are flooded and vessels are floated into place onto supports.

lIB2. Overhaul/Repair

Overhaul and repair tasks at PSNS depend upon the needs of the U.S. Navy. Six vessels use
PSNS as home port and would have most repairs or overhauls performed at this shipyard. This
type of work may involve extensive removal of old systems and replacement with new systems
or it may be limited in scope. Various trades would be working on any given repair task within
their trade if the work was needed.

[IB3. Production

New production at PSNS is limited primarily to the creation of vessel-specific reactor
containment compartments which allow safe handling of the vessel’s nuclear reactor
compartment during transportation from the yard to final disposal at afederal Department of
Energy facility in Hanford, Washington. Metal working processes, including shaping, welding,
cutting, and burning of steel, are the primary work tasks. Specific tasks can result in awkward
postures, static loads, and manual material handling of supplies or tools.



lIC. POTENTIAL HAZARDS

Major Hazards: Awkward postures, manual material handling, segmental vibration, asbestos,
radiation, PCB’s.

1. METHODOLOGY

A variety of exposure assessment techniques were implemented where deemed appropriate to the
job task being analyzed. The techniques used for analysisinclude: 1) the Rapid Upper Limb
Assessment (RULA); 2) the Strain Index; 3) a University of Michigan Checklist for Upper
Extremity Cumulative Trauma Disorders; 4) the OVAKO Work Analysis System (OWAYS); 5) a
Hazard Evaluation Checklist for Lifting, Carrying, Pushing, or Pulling; 6) the NIOSH
Lifting Equation; 7) the University of Michigan 3D Static Strength Prediction Model; and
8) the PLIBEL method.

The Rapid Upper Limb Assessment (RULA) (McAtamney and Corlett, 1993) is a survey method
developed to assess the exposure of workersto risk factors associated with work-related upper
limb disorders. On using RULA, the investigator identifies the posture of the upper and lower
arm, neck, trunk and legs. Considering muscle use and the force or load involved, the
investigator identifies intermediate scores which are cross-tabulated to determine the final RULA
score. Thisfina scoreidentifiesthelevel of action recommended to address the job task under
consideration.

The Strain Index (Moore and Garg, 1995) provides a semiquantitative job analysis methodol ogy
that appears to accurately identify jobs associated with distal upper extremity disorders versus
other jobs. The Strain Index is based on ratings of : intensity of exertion, duration of exertion,
efforts per minute, hand and wrist posture, speed of work, and duration per day. Each of these
ratingsistranglated into amultiplier. These multipliers are combined to create asingle Strain
Index score.

The University of Michigan Checklist for Upper Extremity Cumulative Trauma Disorders
(Lifshitz and Armstrong, 1986) allows the investigator to survey ajob task with regard to the
physical stress and the forces involved, the upper limb posture, the suitability of the workstation
and tools used, and the repetitiveness of ajob task. Negative answers are indicative of conditions
that are associated with the development of cumulative trauma disorders.

The OVAKO Work Analysis System (OWAS) (Louhevaara and Suurndkki, 1992) was devel oped
to assess the quality of postures taken in relation to manual materials handling tasks. Workers
are observed repeatedly over the course of the day and postures and forces involved are
documented. Work postures and forces involved are cross-tabulated to determine an action
category which recommends if, or when, corrective measures should be taken.
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The NIOSH Hazard Evaluation Checklist for Lifting, Carrying, Pushing, or Pulling (Waters and
Putz-Anderson, 1996) is an example of a simple checklist that can be used as a screening tool to
provide a quick determination as to whether or not a particular job task is comprised of
conditions that place the worker at risk of developing low back pain.

The NIOSH Lifting Equation (Waters et a, 1993) provides an empirical method to compute the
recommended weight limit for manual lifting tasks. The revised equation provides methods for
evaluating asymmetrical lifting tasks and less than optimal hand to object coupling. The
eguation allows the evaluation of a greater range of work durations and lifting frequencies. The
equation also accommodates the analysis of multiple lifting tasks. The Lifting Index, the ratio of
load lifted to the recommended weight limit, provides a simple means to compare different
lifting tasks.

The University of Michigan 3D Static Strength Prediction Program (University of Michigan,
1997) isauseful job design and evaluation tool for the analysis of Slow movements used in
heavy materials handling tasks. Such tasks can best be analyzed by describing the activity asa
sequence of static postures. The program provides graphical representation of the worker
postures and the materials handling task. Program output includes the estimated compression on
the L5/S1 vetebra disc and the percentage of population capable of the task with respect to limits
at the elbow, shoulder, torso, hip, knee and ankle.

The PLIBEL method (Kemmlert, 1995) is a checklist method that links questions concerning
awkward work postures, work movements, design of tools and the workplace to specific body
regions. In addition, any stressful environmental or organizational conditions should be noted.
In general, the PLIBEL method was designed as a standardized and practical assessment tool for
the evaluation of ergonomic conditionsin the workplace.

Five specific job tasks were identified for further analysis. These processes were: 1) bin
emptying at a drydock sorting pad, 2) onboard insulation removal, 3) manual materials handling
in“cut and carry” operations, 4) the use of reciprocating saws to separate and reduce the size of
components and hull sections, and 5) the removal of terrazzo tile from the decking with a
chipping hammer. Each of these processes are examined in greater detail below.

11



IlIA.  Bin Emptying on Drydock Sorting Pad

Figure 3. Emptying Scrap Bin at Drydock Sorting Pad

[IA1. Bin Emptying at Drydock Sorting Pad Process

As the surface vessels and submarines are being dismantled as part of the Inactivation, Reactor
Compartment Disposal, and Recycling activity, hundreds of bins of scrap metal are generated.
Each bin measures approximately 5 feet by 3 feet by 3 feet. The bins hold a variety of material:
stainless steel, painted steel, unpainted steel, aluminum, and other metal components. Each bin
isfilled during the “cut and carry” dismantling process for the vessel or vessels within the
drydock. At thetime of the site visit, four submarines were being dismantled within the same
drydock. The scrap bins are moved from the vessels to the sorting pad area by forklifts. The
sorting pad is surrounded by large shipping containers (approximately 5 feet x 20 feet), each for a
specific type of metal.

The sorting pad worker removes the individual pieces of metal from the scrap bin by hand. The
worker makes a determination of the type of metal in hand and then carries the item to the
appropriate shipping container. The worker then places or throws the item into the shipping
container and returns to the scrap bin for the next item. Each bin takes approximately 20 minutes
to empty and sort. Individua items can weigh anywhere from afew ounces for meta strapping
to in excess of fifty pounds for triple valve assemblies.
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Figure 4. Worker Reaching to Bottom of Scrap Bin to Retrieve Item

e fa

Figure 5. Worker Hanging Over Edge of Scrap Bin and On One Leg
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Figure 6. Working Lifting Triple Vave Assembly from Sorting Bin

Figure 7. Worker Carrying Triple Vave Assembly to Shipping Container

IIA2. Ergonomic Risk Factors for Sorting Pad Worker
The Sorting pad worker often must reach far in front or deep into the bin while grasping objects

of unknown weight. Awkward postures of the back and neck, such as extreme lumbar flexion
and neck extension, are fairly common. Strain of the shoulder, neck, and back are possible due
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to the manual lifting tasks. Some items are relatively heavy resulting in increased physiological
strain on the worker.

[IA3. Ergonomic Analysis of Bin Emptying Task on Drydock Sorting Pad

Using several of the exposure assessment tools outlined previously, an ergonomic analysis was
performed for the sorting pad worker emptying scrap bins. A Strain Index analysis was
performed for the sorting pad worker (Table 1) with the following results:
1) the Intensity of Exertion was rated as “Hard” and given amultiplier score of 6 on a
scaleof 1to 13
2) the Duration of the task was rated as equal to or greater than 80 % of the task cycle,
resulting in amultiplier of 3.0 on ascale of 0.5t0 3.0
3) the Efforts per Minute were noted to be between 15 and 19, resulting in amultiplier of

2.0onascaeof 0.5t03.0

4) the Hand/Wrist posture was rated as “Fair,” resulting in amultiplier of 1.5 on ascae
of 1.0to 3.0

5) the Speed of Work was rated as “Normal,” resulting in amultiplier of 1.0 on a scale of
10to 20

6) the Duration of Task per Day was rated to be between 2 and 4 hours, resulting in a
multiplier of 0.75 on ascale of 0.25 to 1.50.

The multiplier values for each segment are multiplied together resulting in afina Strain Index
(SI) score. For thistask the Sl score was 40.5. An Sl Score of between 31 and 60 is correlated to
an incidence rate of about 106 distal upper extremity injuries per 100 FTE. Regardless of actual
incidence rate, the Strain Index indicates that this task puts the sorting pad worker at an increased
risk of developing adistal upper extremity injury.

In applying the University of Michigan Upper Extremity Cumulative Trauma Disorder Checklist
to the sorting pad worker bin emptying task (Table 2), of the 21 possible responses, nine were
negative and seven were positive (one question answered both positively and negatively, six
guestions were not applicable. Negative responses, in this case 56 %, are indicative of
conditions associated with the risk of developing cumulative trauma disorders.

When the OWAS technique was applied to the sorting pad worker (Table 3), the need for
corrective measures was suggested for a number of specific sub-tasks including: lifting items
from the scrap bin, carrying items to the shipping containers, and scraping labels off the scrap
bins.

The NIOSH checklist for manual materials handling consists of 14 items. When applied to the
sorting pad worker bin emptying task (Table 4), six responses were positive and eight negative.
In this checklist, positive responses are indicative of conditions that pose arisk to the worker of
developing low back pain. The higher the percentage of positive response, the greater the risk of
low back pain.
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The University of Michigan 3D Static Strength Prediction Program was used to analyze the
sorting pad worker lifting atriple valve assembly from the bottom of a scrap bin (Table 5).
Analysis of this sub-task resulted in an estimated disc compression loads at the L5/S1 disc to be
972 pounds, well above the NIOSH Recommended Compression Limit of 770 pounds.

The PLIBEL checklist for the sorting pad worker task (Table 6) reports a high percentage (~ 75
%) of risk factors present for the neck, shoulders, upper back, and lower back, and a moderate
percentage (~ 60 %) of risk factors present for the elbows, forearms, and hands. Severd
environmental and organizational modifying factors are present as well.

llIB. Insulation Removal on Surface Ship in Drydock

Figure 8. Worker Removing Insulation Tie Cap with Short Pry Bar

I1IB1. Insulation Removal Process

Insulation from the bulkheads and cellings of vessels being dismantled is removed by insulators.
The workers first cordon off the immediate work areato discourage entry by unauthorized
personnel. This action is done by hanging warning tape and placards (e.g., “WARNING Man-
Made Vitreous Fibers’) around the work area. The insulators don totally encapsulating chemical
protective suits and supplied-air hoods under positive pressure. Theinitial task of the worker is
to remove the insulation tie caps. These small, round disks secure the insulation onto the metal
insulation studs. These disks are removed using pry bars or wrecking bars of various sizes while
standing on ladders to reach the overhead insulation.

16



Figure 9. Insulator Removing Insulation Tie Cap Overhead

Figure 10. Insulator Removing Insulation Tie Cap with Short Bar

Once all the insulation tie caps have been removed, the worker uses a hawkshill knife (i.e., a
knife with a short, downward-curved blade) to cut the insulation into manageabl e widths of
approximately 18 inches. While cutting into the insulation, a co-worker sprays the surrounding
air with awater mist to entrap any loose fibers that may otherwise be respirable.
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Figure 12. Insulation Worker Cutting into Insulation with Hawksbill Knife

The worker then pulls on the insulation to break it free from the bulkhead or overhead area. The
insulation is bagged and disposed of properly.

18



Figure 14. Pulling Section of Insulation Off Bulkhead by Hand

[IB2. Ergonomic Risk Factors for Insulation Removal Workers

The vast maority of work for the insulation removal workersis performed with arms overhead or
out in front and away from the body, either using pry bars or knives, straining the arms,
shoulders, and neck. Often the worker ison aladder and is leaning backward (back extension) to
get to the work as opposed to repositioning the ladder. Back extension such as this can be
stressful to the worker. Pulling the insulation off the bulkheads or overhead areas requires the

19



use of force to separate the insulation from the surface areas. Thistask is stressful to the arms,
shoulders, neck and back. All of these tasks are performed while the worker is wearing an
encapsul ating chemical-protective suit with a supplied air respirator causing an increased
physiological strain on the worker.

[IB3. Ergonomic Analysis of Insulation Removal Workers

Using several of the exposure assessment tools outlined previously, an ergonomic analysis was
conducted for the tasks of the insulation removal worker. A Rapid Upper Limb Assessment
analysis was conducted for the insulation removal workers (Table 7). Five separate tasks were
anayzed: 1) using asmall pry bar to remove insulation tie caps, 2) using a hawksbill knife to cut
the insulation, 3) using a crowbar to pry insulation off the bulkhead, 4) using two hands to pull
insulation down, and 5) moving the ladder to the next location. Tasks# 1, 2, and 3 resulted in a
response to “investigate and change immediately.” Task # 4 resulted in aresponse to
“investigate and change soon.” Task # 5 resulted in aresponse to “investigate further.”

A Strain Index analysis was performed for the insulation removal worker (Table 8) with the
following results:
1) the Intensity of Exertion was rated as“Very Hard” and given amultiplier score of 9 on
ascaleof 1to 13
2) the Duration of the task was rated as equal to or greater than 80 % of the task cycle,
resulting in amultiplier of 3.0 on ascale of 0.5t0 3.0
3) the Efforts per Minute were noted to be greater than 20 per minute, resultingin a
multiplier of 3.0 on ascale of 0.5t0 3.0
4) the Hand/Wrist posture was rated as “Bad,” resulting in amultiplier of 2.0 on ascae
of 1.0to 3.0
5) the Speed of Work was rated as “Normal,” resulting in amultiplier of 1.0 on a scale of
10to 20
6) the Duration of Task per Day was rated to be between 2 and 4 hours, resulting in a
multiplier of 0.75 on ascale of 0.25 to 1.50.

The multiplier values for each segment are multiplied together resulting in afinal Strain Index
(SI) score. For the insulation removal tasksthe Sl score was 121.5. An S| Score greater than 60
is correlated to an incidence rate of about 130 distal upper extremity injuries per 100 FTE.
Regardless of actual incidence rate, the Strain Index indicates that this task puts the insulation
removal worker at an increased risk of developing adistal upper extremity injury.

In applying the University of Michigan Upper Extremity Cumulative Trauma Disorder Checklist
to the insulation removal worker tasks (Table 9), of the 21 possible responses, eighteen were
negative and four were positive (one question answered both positively and negatively).
Negative responses, in this case 82 %, areindicative of conditions associated with the risk of
developing cumulative trauma disorders.
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When the OWAS technique was applied to the insulation removal tasks (Table 10), the need for
corrective measures “ as soon as possible” was suggested for the task of removing the insulation
tie caps with asmall pry bar. Four other tasks called for corrective measures “in the near future”
including: moving the ladder, cutting the insulation with a hawksbill knife, loosening the
insulation with asmall pry bar, and pulling the insulation off the bulkheads and overhead areas
by hand.

The PLIBEL checklist for the insulation removal tasks (Table 11) reports avery high percentage
(~ 91 %) of risk factors present for the elbows, forearms and hands. A moderate percentage (~
45-62 %) of risk factors were reported present for the neck, shoulders, upper back and lower
back. Several environmental and organizational modifying factors are present as well.

[IC. Reciprocating Saw Operations in the IRR Process

Figure 15. Two-Person Cutting Operation for Ductwork with Possible Hazardous Material

[IC1. Cutting Process with Reciprocating Saws

Ship dismantling, or Inactivation, Reactor Compartment Disposal, and Recycling as the process
isknown by at PSNS, requires the separation of components, bulkheads, and hull sections from
adjoining locations. This separation is accomplished either by torch cutting or by using a
reciprocating saw to cut through the steel, auminum or other material. Torch cutting requires a
fire-watch crew to stand by and a certain level of expertise by the user. Cutting with a
reciprocating saw does not require the fire-watch crew and can be accomplished by nearly every
worker making it the preferr